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^ (54) Title: COATING COMPOSITION FOR METALLIC SUBSTRATES 

^ (57) Abstract: The invention provides a coating composition for use with metallic substrates that provides a unique balance of 
^ required properties. In particular, the coating composition of the invention simultaneously provides desirable levels of adhesion to 
^ metal, sandability without the production of harmful dust, corrosion resistance, and recoatability. The coating composition of the 
invention comprises a polyurethane or epoxy/amine film-forming component, and a corrosion protection component consisting of 
aluminum selected from the group consisting of nonleafing aluminum pigments, the corrosion protection component being present 
in the composition in an amount effective to prevent corrosion of the substrate. A cured film of the coating applied to a steel substrate 
has a pass rating after 480 hours in salt spray per ASTM Bl 17. 
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COATING COMPOSITION FOR METALLIC SUBSTRATES 

FffiLD OF THE INVENTION 
This application is a continuation in part, claiming priority upon U.S. Serial 
No. 09/599,693. The invention relates to coating compositions for use with metallic 
substrates and more particularly to automotive refinish coating compositions 
intended for use on metallic substrates, and especially to two component 
polyurethane primers which can be sanded and recoated and are intended for use on 
steel substrates. 

BACKGROUND OF THE INVENTION 
As used herein, "automotive refinish" refers to compositions and processes 
used in the repair of a damaged automotive finish, usually an OEM provided finish. 
Refinish operations may involve the repair of one or more outer coating layers, the 
repair or replacement of entire automotive body components, or a combination of 
both. The terms "refinish coating" or "repair coating" may be used interchangeably. 

Automotive refinishers must be prepared to paint a wide variety of materials. 
Examples of commonly encountered materials are one or more previously applied 
coatings, plastic substrates such as RIM, SMC and the Uke, and metal substrates such 
as aluminum, galvanized steel, and cold rolled steel. Bare metal and plastic 
substrates are often exposed as a result of the removal of the previously apphed 
coating layers containing and/or surrounding the defect area. However, it is often 
difficult to obtain adequate adhesion of refinish coatings applied directiy to exposed 
bare substrates. 

Among Ihe many factors influencing the degree of refinish coating/substrate 
adhesion are the type of exposed substrate, the presence or absence of adhesion 
promoting pretreatments and/or primers, the size of the exposed area to be repaired, 
and whether previously apphed "anchoring" coating layera surround the exposed 
repair area. 

For example, refinish adhesion is particularly challenging when the exposed 
substrate is a bare metal such as galvanized iron or steel, aluminum or cold rolled 
steel. It is especially hard to obtain adequate refinish adhesion to galvanized iron, 
"Galvanized iron or steel" as used hereia refers to iron or steel coated with zinc. 
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"Steel" as used herein refers to alloys of iron with carbon or metals such as 
manganese, nickel, copper, chromium, molybdenum, vanadium, tungsten and cobalt. 

Refinish operations have traditionally used adhesion pretreatments to 
overcome the adliesion problems associated with the coating of bare metal 

5 substrates. Pretreatment as used herein may refer to either mechanical or chemical 
alterations of the bare metal substrate. Mechanical alterations used to obtain 
improved adhesion include sanding, scuffing, and the like. Chemical alterations 
include treatment of the substrate with compositions such as chromic acid 
conversion coatings, acid etch primers and the like. 

1 0 Although such pretreatments have obtained improved refinish adhesion, they 

are undesirable for a number of reasons. Most importantly, pretreatments are 
inefficient and expensive to apply in terms of material, time, and/or labor costs. 
Some chemical pretreatments also present industrial hygiene and disposal issues. 
Finally, the use of some pretreatments such as acid etch primers may contribute to 

1 5 water sensitivity and/or coating failure under test conditions of extreme humidity. 

Accordingly, it is highly desirable to eliminate the need for substrate 
pretreatment as regards the refinish coating of bare metal substrates. 

Ih addition, adhesion to bare metal substrates is improved when the defect 
area to be repaired is relatively small and is surroxmded by previously apphed 

20 coaling layers. Such previously apphed coating layers act as an 'adhesion anchor' 
to the refinish coating. However, many refinish repairs are of a size such that they 
lack any surrounding adhesion anchors. Moreover, such anchoring adhesion may be 
completely absent when replacement body parts are painted with a refinish coating. 
Finally, improvements in refinish adhesion to bare exposed metal substrates 

25 must not be obtained at the expense of traditional refinish coating properties. Such 
properties include sandabiUty, recoatabihty, corrosion resistance, durabihty, ambient 
or low temperature cure, apphcation parameters such as pot life, sprayabihty, and 
clean up, and appearance. Performance properties such as sandabihty, recoatabihty 
and corrosion resistance are particularly important for coating compositions intended 

30 for use as primers over steel substrates. 
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However, it has been difficult for the prior art to obtain the proper balance 
with regard to sandability, recoatability, corrosion resistance, and metal adhesion 
requirements. 

Failure to provide adequate corrosion resistance or salt spray resistance 
typically manifests as "scribe creep". "Scribe creep" refers to the degree of 
corrosion and/or loss of adhesion which occurs along and underneath film adjacent 
to a scribe made in a cured film after the scribed film has been placed in a salt spray 
test ^paratus. The scaibe generally extends down through the film to the 
underlying metal substrate. As used herein, both 'corrosion resistance' and *salt 
spray resistance' refer to the ability of a cured fihn to stop the progression of 
corrosion and/or loss of adhesion along a scribe line placed in a salt spray test 
apparatus for a specified time. Cured films that fail to provide adequate salt spray 
resistance are vulnerable to large scale film damage and/or loss of adhesion as a 
result of small or initially minor chips, cuts and scratches to the film and subsequent 
exposure to outdoor weathering elements. 

Although urethane coatings have been known to be usefiil as refinish 
primers, they have not achieved the desired balance of properties. 

In particular, for polyurethane films to provide desirable salt spray resistance, 
ttiey have typically relied upon the use of corrosion protection components 
containing heavy metal pigments such as strontium chromate, lead siUca chromate, 
and the like. Unfortunately, sanding such a fihn produces dust that is 
environmentally disfavored due to the presence of the heavy metal containing 
pigments. Since sanding is a necessity for automotive refinish primers, this 
disadvantage can render the coating unusable in most commercial refinish 
application facilities. Accordingly, it would be advantageous to provide a coating 
which can provide adequate salt spray resistance but which is substantially free of 
any heavy metal containing pigments. 

Aliuninum pigments have traditionally been used to provide a desirable 
metallic or lustrous appearance. For example, the 1977 Federation Series on 
Coatings Technology teaches that almninum pigment containing paints have no 
specific anti-corrosive efifect, such as is afforded by rast-inhibitive pigments 
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traditionally used in commercially acceptable metal primers. Indeed, it is further 
taught that strontium chromate should be used in combination with aluminum 
pigments to provide aluminum containing paints having an anti-corrosive effect. 

Aluminum pigments, especially leafing aluminums, are known to produce an 
5 apparently continuous film of alimiinum metal. 

Barrier pigments, especially platy or platelet pigments have been known to 
provide anticorrosive effects. 

However, leafing aluminums and barrier pigments have traditionally been 
somewhat disfavored due to recoatability and/or sanding performance issues. 
10 Moreover, the anticorrosive effect of the coating post sanding can be impaired due to 
the removal of the barrier or leafing layer. As a result, the use of aluminum 
pigments in primers is to some extent disfavored. 

The prior art has thus failed to provide a coating composition intended for 
use as a direct to metal primer which has commercially acceptable performance 
1 5 properties with regard to salt spray resistance, sandability, recoatabiUty and adhesion 
to metal substrates, especially iron and/or steel. 

Accordingly, it is an object of the mvention to provide a curable coating 
composition that can be apphed directiy to a metal substrate and provides a 
commercially acceptable level of salt spray resistance. 
20 It is a further object of the invention to provide a curable coatiug composition 

which has commercially acceptable performance properties with regard to direct to 
metal adhesion and salt spray resistance and further can be sanded without the 
production of environmentally disfavored dust. 

It is a further object of the invention to provide a curable coating composition 
25 which has conmiercially acceptable performance properties with regard to direct to 
metal adhesion, salt spray resistance, sandability, and ftirfher can be recoated with a 
second appUcation of the curable coating composition of the invention or another 
curable coating composition. 

Finally, it is an object of the invention to provide a curable coating 
30 composition which has commercially acceptable performance properties wth regard 
to direct to metal adhesion, salt spray resistance, sandability, and recoatability, 

4 
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especially a curable coating composition having a film forming component selected 
from the group consisting of polyurethane systems and epoxy/amine sj^tems. 

SUMMARY OF THE INVENTION 
It has been found that these and other objects of the invention have been 
5 achieved with the use of a curable coating composition comprising a film-forming 
component selected from the group consisting of polyurethane systems and 
epoxy/amine systems, and 

a corrosion protection component consisting of aluminum selected from the group 
consisting of nonleafing alimiinum pigments and present in an amount effective to 
1 0 prevent corrosion of the substrate, wherein a cured fihn of the coating appUed to a 
metalUc substrate has a pass rating after 480 hours in salt spray per ASTM B117, 
and is both sandable and recoatable. 

In a preferred embodiment of the invention, the aluminum pigment will be a 
lamellar shaped aluminum pigment and will be present in an amount of from 0.01 1 
15 to 0.051 P/B. 

In a particularly preferred embodiment of the invention, the film forming 
component of the invention will be a polyurethane based coating system comprising 
a fihn forming polymer which is an active hydrogen containing group polymer and 
an isocyanate fimctional crosslinking agent. 

* 

20 In a most preferred embodiment of the invention, the polyurethane film 

forming component will fijrther comprise a composition comprising (I) an effective 
amount of a first compound having an acid number of from 70 to 120 mg KOH/g, a 
hydroxyl number of from 200 to 400 mg KOH/g, a number average molecular 
weight of from 300 to 700, and which is the reaction product of (a) at least one 

25 difimctional carboxyUc acid, (b) at least one trifimctional polyol, (c) at least one 
chain stopper, and (d) phosphoric acid, and (IT) an effective amount of a second 
compound comprising a carboxy phosphate ester having the formula: 

O 

30 (R-0)x-P(0M)3.x 

wherem R is an C5-C40 aliphatic group in which one or more aUphatic carbon 
atoms are substituted with lateral or terminal -COORl groups, wherein Rl is H, 



4 



WO 02/051949 PCT/USOl/42942 
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metal, ammonium, C1-C6 alkyl, or C6-C10 aryl, M is hydrogen, metal or 
ammonixmi and x is a nvimber from 0 to 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The methods of the invention utiUze two-component coating compositions. 
5 As used herein, the term * two-component" refers to the number of solutions and/or 
dispersions which are mixed together to provide a curable coating composition. Up 
until the point of mixing, neither of the individual components alone provides a 
curable coating composition. 

Once mixed, the resulting curable coating composition is applied to a 
10 substrate as quickly as possible. Typically, "as quickly as possible" means 

immediately after the mixing of the separate components or within eight (8) hours 
from the time the separate components are naixed, preferably less than one (1) hour 
after mixing. In a typical two-component appUcation process the components are 
mixed togetihier either (i) at the nozzle of a sprayer by the joining of two separate 
1 5 carrier lines at the nozzle or (ii) immediately upstream of the nozzle of a sprayer and 
then delivered to the nozzle via a singje carrier line. Once at the nozzle, the mixture 
is immediately atomized into a mist which is directed at a substrate which is being 
coated with a film of the mixture of the two-components. 

Unlike one-component compositions, two-component compositions will 
20 generally cure in the absence of elevated temperatures. The individual components 
(T) and (U) will react with each other upon admixture to provide a crosslinked 
product, most often at ambient temperatures, or more particularly at temperatures of 
from 15 to 60° C and most preferably from 24 to 60°C. 

The coating compositions of the invention comprise a corrosion protection 
25 component that consists essentially of , and more preferably consists of, one or more 
aluminum pigments. Although the composition may contain other filler and/or 
extender pigments such as talc, barrites, silicas and the like, such are not generally 
considered to substantially contribute to the salt spray resistance of cured films made 
from the coating compositions of the invention. 
30 Aluminum pigments suitable for xise in the instantly claimed compositions 

are those aluminum pigments defined as nonleafing aluminum pigments. Although 

6 
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the prior art has taught that the leafing alximinum pigments may be superior in 
regards to possible anti corrosive effects due to the formation of a barrier-like layer, 
it has been found that the use of nonleafing aluminum pigments is advantageous in 
the coating composition of the invention. 
5 Leafing aliuninimi pigments have a hydrophobic nature which causes the 

pigments to float on the surface of water. When placed in a coating, the flakes of 
leafing aliominum pigments will orientate at or near the surface of the cured film . 
The flakes are normally oriented in a parallel overlapping fashion and provide a 
continuous metallic sheath. 

10 In contrast, nonleafing aluminum pigments are distributed evenly throughout 

the entire cured film. This distribution is generally attributed to the lubricants used 
during the aluminum pigment manufacturing process. Typically used lubricants are 
unsaturated fatty acids such as oleic acid. 

Smtable nonleafing aluminum pigments will have flake thicknesses of firom 

15 0.1 fjim to 2.0 fim and diameters of firom 0.5 fim to 200 jum. 

Acid-resistant grades of nonleafing almninum pigments are particularly 
preferred. 

In general, the corrosion protection component of the invention will be 
present in an amount of firom 0.01 1 to 0.05 1, more preferably 0.015 to 0.045, and 

20 most preferably fi-om 0.025 to 0.040, all being based on P/B, i.e., the % by weight 
based on the total nonvolatile of the film-forming component, i.e., the total 
nonvolatile weight of the film-forming polymer and the crosshnking agent. 

Coating compositions of the invention will generally have a pass rating for 
480 hour salt spray tests per ASTM Bl 17, incorporated herein by reference. A pass 

25 rating is scribe areep of less than 3 mils along the edge of the scribe. More 

preferably, the coating compositions of the invention will have no more than 2 mils 
of adhesion loss along the scribe and most preferably will have scribe creep of firom 
0.5 to 1 .5 mils. The coating compositions of the invention wiU also be firee of 
bhstering and rust spots upon completion of salt spray tests per ASTM Bl 17. 

30 The two-component coating composition typically comprises a fihn-fonning 

conq)onent that in turn conq>rises a film-forming polymer or binder and a 
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crosslinking agent. The film-forming polymer is typically in a polymer or binder 
component (I), while the crosslinking agent is typically in a hardener component (IT). 

Coating compositions of the invention may comprise any of the film-forming 
components used m the refinish coatings industry. Such coating compositions may 
5 rely on air dry lacquer fihn formation, film formation via chemical crosslinking, or a 
combination thereof Thermosetting fihns produced by chemical crosslioking are 
most preferred. 

Thermosetting coatings of the invention will comprise at least one film- 
forming polymer and at least one crosshnking agent. The fiJm-forming polymer will 

10 comprise one or more fimctional groups reactive with one or more fimctional groups 
on the crosslinking agent. Examples of functional group combinations usefiil for the 
production of crosslinked coatings include, but are not limited to, active-hydrogen 
and isocyanate, epoxide and carboxyhc acid, hydroxyl/carboxylic acid and/or urea- 
formaldehyde/melamine-formaldehyde, epoxide and amine, and the like, 

1 5 Although the film-forming polymer may contain any fimctional group 

reactive with the fimctional group present on the crosslinking agent, preferably the 
fimctional group present on the film-forming polymer is at least one fimctional group 
selected firom the group consisting of hydroxyl, amine, carboxyhc acid, epoxy and 
mixtures thereof Especially preferred fimctional groups for use on the film-forming 

20 polymer are hydroxyl groups and amine groups, with hydroxyl groups being most 
preferred. 

Examples of suitable film-forming polymers are acrylic polymers, 
polyurethane polymers, polyesters, alkyds, polyamides, epoxy group containing 
polymers, and the like. 

25 Particularly preferred film-forming polymers will be difimctional, genially 

having an average fimctionahty of about two to eight, preferably about two to four. 
These compounds generally have a number average molecular weight of from about 
400 to about 10,000, preferably from 400 to about 8,000. However, it is also 
possible to use low molecular weight compounds having molecular weights below 

30 400. The only requirement is that the compounds used as film-forming polymers not 
be volatile under the heating conditions, if any, used to cure the compositions. 

8 
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More preferred compounds containing reactive hydrogen groups are the 
known polyester polyols, polyether polyols, polyhydroxyl polyacrylates, 
polycarbonates containing hydroxyl groups, and mixtures thereof. In addition to 
these preferred polyhydroxyl compounds, it is also possible to use polyhydroxy 
5 polyacetals, polyhydroxy polyester amides, polythioether contaming terminal 

hydroxyl groups or sulphydryl groups or at least difimctional compounds containing 
amino groups, thiol groups or carboxy groups. Mixtures of the compounds 
containing reactive hydrogen groups may also be used. 

Ih a most preferred embodiment of the invention, the film-forming polymer 

1 0 reactable with the crosslinking agent is an acryhc resin, which may be a polymer or 
oUgomer. The acryhc polymer or oUgomer preferably has a number average 
molecular weight of 500 to 1,000,000, and more preferably of 1000 to 20,000. 
Acrylic polymers and oUgomers are well-known in the art, and can be prepared from 
monomers such as methyl acrylate, acrylic acid, methacryUc acid, methyl 

1 5 methacrylate, butyl methacrylate, cyclohexyl methacrylate, and the hke. The active 
hydrogen functional groiip, e.g., hydroxyl, can be incorporated into the ester portion 
of the acryhc monomer. For example, hydroxy-functional acryhc monomers that can 
be used to form such resins include hydroxyethyl acrylate, hydroxybutyl acrylate, 
hydroxybutyl methacrylate, hydroxypropyl acrylate, and the Uke. Amino-functional 

20 acryhc monomers would iaclude t-butylaminoethyl methacrylate and t-butylammo- 
ethylacrylate. Other acryhc monomers having active hydrogen functional groups in 
the ester portion of the monomer are also within the skill of the art. 

Modified acryhcs can also be used. Such acryhcs may be polyester-modified 
acrylics or polyurethane-modified acryhcs, as is well known in the art. Polyester- 

25 modified acryhcs modified with e-caprolactone are described in U.S. Pat. No. 

4,546,046 of EtzeU et al, the disclosure of which is incorporated herein by reference. 
Polyurethane-modified acryhcs are also weU known in the art. They are described, 
for example, m U.S.. Pat. No. 4,584,354, the disclosure of which is mcorporated 
herein by reference. 

30 Polyesters having active hydrogen groups such as hydroxyl groups can also 

be used as the film-forming polymer in the composition according to the invention. 
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Such polyesters are well-known in the art, and may be prepared by the 
polyesterification of organic polycarboxyHc acids (e.g., phfhalic acid, 
hexahydrophthalic acid, adipic acid, maleic acid) or their anhydrides with organic 
polyols containing primary or secondary hydroxy! groups (e.g., ethylene glycol, 
5 butylene glycol, neopentyl glycol). 

Polyurethanes having active hydrogen functional groups are also well known 
in the art. They are prepared by a chain extension reaction of a polyisocyanate (e.g., 
hexamethylene diisocyanate, isophorone diisocyanate, MDI, etc.) and a polyol (e.g., 
1,6-hexanediol, 1,4-butanediol, neopentyl glycol, trimethylol propane). They can be 

10 provided with active hydrogen functional groups by capping the polyurethane chain 
with an excess of diol, polyamine, amino alcohol, or the like. 

Although polymeric or ohgomeric active hydrogen components are often 
preferred, lower molecular weight non-polymeric active hydrogen components may 
also be used in some applications, for example aliphatic polyols (e.g., 1,6-hexane 

15 diol), hydroxylamines (e.g., monobutanolamine), and the like. 

Examples of suitable crosslirJdng agents include those compounds having 
one or more functional groups reactive with the functional groups of the film- 
forming polymer. Examples of suitable crosslinking agents include isocyanate 
functional compounds and aminoplast resins, epoxy fimctional compounds, acid 

20 functional compounds and the like. Most preferred crosslinkers for use in the 
coating compositions of the invention are isocyanate functional compounds. 

Suitable isocyanate functional compounds include polyisocyanates that are 
aliphatic, including cycloaUphatic polyisocyanates, or aromatic. Useful aUphatic 
polyisocyanates include aUphatic diisocyanates such as ethylene diisocyanate, 1,2- 

25 diisocyanatopropane, 1,3-diisocyanatopropane, 1,6-diisocyanatohexane, 1,4-butylene 
diisocyanate, lysine diisocyanate, hexamethylene diisocyanate (HDI), 1,4-mefhylene 
bis-(cyclohexylisocyanate) and isophorone diisocyanate. Useful aromatic 
diisocyanates include the various isomers of toluene diisocyanate, meta- 
xylenediioscyanate and para-xylenediisocyanate, also 4-chloro-l,3-phenylene 

30 diisocyanate, 1,5-tetrahydro-naphthalene diisocyanate, 4,4'-dibenzyl diisocyanate 

10 
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and 1,2,4-benzene triisocyanate can be used. In addition, the various isomers of 
.alpha.,.alplia.,.alpha.',.alpha. -tetramethyl xylrae diisocyanate can be used.. 

In a most preferred embodiment, the crosshnldng agent will comprise one or 
more components selected from the group consisting of hexamethylene diisocyanate 
5 (HDI), the isocyanurates of HDI, the biurets of HDI, and mixtures thereof with the 
isocyanurates and biurets of HDI being particularly preferred. 

Suitable isocyanate functional compounds may be xmblocked, in which case 
the coating composition should be utilized as a two component systerxi, i.e., the 
reactive components combined shortly before application, or they may be blocked. 
1 0 Any known blocking agents, such as alcohols or oximes, may be used. 

In a most preferred embodiment of the coating compositions of the invention, 
the coating composition will be a two-component system with the reactive film 
forming polymer and the crosshnkmg agent combined shortly before application. In 
such an embodiment, the most preferred coating composition of the invention 
1 5 comprising the mixture of compounds (I) and (II) will be preferably mcorporated 
with the fihn-forxning polymer containing component. 

Hardener component (D) may also comprise one or more solvents, hi a 
preferred embodiment, component (H) will include one or more solvents. Suitable 
solvents and/or diluents include aromatics, napthas, acetates, ethers, esters, ketones, 
20 ether esters and mixtures thereof. 

Additives, such as catalj^s, pigments, dyes, leveling agents, and the like 
may be added as required to the coating compositions of the invention. 

In a most preferred embodiment of the invention, the coating compositions of 
the invention will further comprise an adhesion enhancing composition comprising a 
25 mixture of a first compound (T) and a second compound (D), wherein compound (J) 
and compound (IT) cannot be the same. It has unexpectedly been found that the 
combination of compounds (T) and (E) provides an improvement in refinish 
adhesion, i.e., the adhesion of a refinish coating to a bare exposed metal substrate, 
which is better than that obtaiaed with the use of either compound (I) or compound 
30 (H) alone. 



11 
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Compound (I) is a low molecular weight polyester compound having both 
acid and hydroxyl functionality. It will generally have a number average molecular 
weight in the range of from 150 to 3000, preferably from 300 to 1000, and most 
preferably from 400 to 600. Compound Q) will generally have a polydispersity of 
5 from 1 .00 to 2.00, with a polydispersity of 1 .50 being most preferred. 

Suitable compounds (£) will also have an acid number in the range of from 
70 to 120 mg KOH/g, preferably from 70 to 100 mg KOH/g, and most preferably 

from 70 to 80 mg KOH/g. 

In addition, suitable compounds (J) will have a hydroxyl nxmiber in the range 

10 of from 200 to 400 mg KOH/g, more preferably from 300 to 400 mg KOH/g and 
most preferably from 330 to 360 mg KOH/g. 

Compound (J) generally comprises the reaction product of the reaction of (a) 
at least one diftinctional carboxylic acid, (b) at least one trifunctional polyol, (c) at 
least one chain stopper, and (d) phosphoric acid. 

1 5 Examples of suitable difimctional carboxylic acids (a) include adipic acid, 

azeleic acid, fimiaric acid, phthalic acid, sebacic acid, maleic acid, succinic acid, 
isophthalic acid, tetrahydrophthalic acid, hexahydrophthalic acid, dimer fatty acids, 
itaconic acid, glutaric acid, cyclohexanedicarboxylic acid, and mixtures thereof. 
Preferred difimctional carboxylic acids (a) are adipic acid and azeleic acid. Adipic 

20 acid is most preferred for use as difimctional carboxylic acid (a). 

The at least one triftmctional polyol (b) may be branched . or imbranched, but 
branched trifunctional polyols are preferred. Examples of suitable trifimctional 
polyols (b>are trimethylolpropane, trimethylol ethane, glycerin, 1,2,4-butanetriol, 
and mixtures thereof Preferred trifimctional polyols (b) are trimetihylolpropane and 

25 trimethylol ethane, with trimethylolpropane being a most preferred trifimctional 
polyol (b). 

The at least one chain stopper will generally be a carboxylic acid that is 
different from the at least one difimctional carboxyHc acid (a). Monocarboxyhc 
acids are preferred. Suitable carboxyUc acids (c) will preferably contain one or more 
30 aromatic structures and will preferably contain some branched alkyl groups. 

Examples of suitable carboxylic acids (c) include para-t-butyl benzoic acid, benzoic 
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acid, salicylic acid, 2-ethylhexanoic acid, pelargonic acid, isononanoic acid, C ig 
fatty acids, stearic acid, laxiric acid, palmitic acid, and mixtures thereof. Preferred 
carboxylic acids (c) include para-t-butyl benzoic acid, benzoic acid, and 2- 
ethylhexanoic acid, with para-t-butyl benzoic acid being most preferred. 
5 Phosphoric acid (d) should be added to the reaction mixture in an amount of 

from 0.03 to 0.20, preferably from 0.05 to 0. 15, and most preferably from 0.07 to 

0. 1 0. It will be appreciated that while phosphoric acid is most preferred, phosphate 
esters such as butyl or phenyl acid phosphate and the like are suitable for use as 
component (d) in the preparation of compound (I). 

1 0 Polymerization of the reactants may occur at typical esterification conditions, 

1. e., 200-230 ^'C reaction temperature while continuously removing water as a 
reaction by-product. Solvents that facilitate the removal of water from the reaction 
system (those that form an azeotrope) such as xylenes, may be used. 

Reactants (a), (b), (c) and (d) will generally be used in a molar ratio of 4.2: 
15 4.9: 0.01:0.0005 to 5.1: 5.6:0.7:0.005, preferably from 4.4: 5.0:0.02:0.0008 to 
5.0:5.5:0.6:0.003, and most preferably from 4.8:5.2:0.02:0.0009 to 
4.9:5.4:0.06:0.002. 

A commercially available and most preferred example of compound (I) is 
Borchigen HMP, commercially available from the Wolff Walsrode division of the 
20 Bayer Corporation of Burr Ridge, IL, U.S.A. 

Compound (D) comprises a carboxy phosphate ester having the formula: 

O 



25 



(R-0)x-P(0M)3,x 

wherein M is hydrogen, metal or ammonium, x is a number from 0 to 3, and R is a 
saturated or unsaturated C5-C40 aliphatic group in which one or more of the aliphatic 
carbon atoms can be substituted or replaced with a halogen atom (such as fluorine or 
chlorine), a Ci-Ce alkyl group, a Ci-Ce alkoxy group, a Ce-Cio aromatic hydrocarbon 
30 group, preferably phenyl or naphthyl, or a Ce-Cio aromatic hydrocarbon group tiiat is 
substituted with one or more (preferably 1 to 3) C1-C6 alkyl groups or -COOR^ 
groups wherein R^ is H, metal, ammonium, Ci-Ce alkyl, or Ce-Cio aryl, or mixtures 
thereof. 

13 
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In preferred compounds (II), R will contain one or more Ce-Cio aromatic 
hydrocarbon groups, and most preferably, one or more Ce-Cio aromatic hydrocarbon 
groups which contain one or more, preferably at least two, -COOR^ groups wherein 
is H, metal, ammonium, Ci-Ce alkyl, or Ce-Cio aryl. 
5 In a most preferred compound (IT), R will contain at least one Ce-Cio 

aromatic hydrocarbon group and at least two -COOR^ groups wherein R^ is H, metal, 
aimnonixim, Ci-Ce alkyl, or Ce-Cio aryl. R^ will most preferably be a Ci-Ce alkyl or a 
Ce-Cio aryl group. 

The -COOR^ groups may be lateral or terminal. It will be appreciated that 

1 0 when R^ is H, compoxmd (H) will comprise one or more free carboxylic acid groups. 

Similarly, when R^ is a metal or ammonium ion, compound (n) will have one or 

more carboxyhc acid salt groups. Finally, when is a Ci-Ce alkyl or a Ce-Cio aryl, 

compound (J£) will comprise one or more ester groups. 

It will be appreciated that suitable compounds (IT) can and most preferably 

1 5 will comprise mixtures of compounds having the formula: 

O 
II 

(R.O)x-P(OM)3-x 

20 wherein R, M, x, and R* are as described above. However, in a most preferred 

embodiment, such a mixture wiU contain one or more molecules having the above 
structure wherein x is 1 or 2, preferably 1, R has at least one Ce-Cio aromatic 
hydrocarbon group substituted with at least one, preferably two, -COOR^ groups 
wherein R^ is H or a Ci-Ce alkyl or C6-C10 aryl, most preferably a Ci-Ce alkyl, and 

25 M is H. 

Compound QI) will generally have a number average molecular weight in the 
range of from 600 to 1200, preferably from 700 to 900, and most preferably from 
750 to 850. Compound (JS) will generally have a polydispersity of from 1 .00 to 2.00, 
with a polydispersity of 1 .00 to 1 .50 being preferred and a polydispersity of 1 . 1 5 to 
30 1 .35 being most preferred. 

Suitable compounds (U) wiU also have an acid number in the range of from 
50 to 200 mg KOH/g, preferably from 100 to 180 mg KOH/g, and most preferably 

14 
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from 120 to 160 mg KOH/g. In addition, suitable compoimds (H) wiU have a 
hydroxyl number in the range of from 100 to 250 mg KOH/g, preferably from 120 to 
230 mg KOH/g, and most preferably from 1 50 to 200 mg KOH/g. 

Suitable compounds QI) generally comprise the reaction product of (a) at 
5 least one difimctional polyol, (b) phosphoric acid, and (c) at least one trifimctional 
carboxyhc acid. 

Examples of suitable difimctional polyols (a) include neopentanediol, 
ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 
hydrogenated bisphenol A, 1,6-hexanediol, hydroxypivalylhydroxypivalate, 

10 cyclohexanedimefhanol, 1,4-butanediol, 2-efliyH,3-hexandiol, 2,2,4-trimethyl-l,3- 
pentandiol, 2-ethyl-2-butyl-l,3-propanediol, 2-methyH,3-propanediol, and mixtures 
thereof Preferred difimctional polyols (a) are neopentane diol and 2-ethyl-2-butyl- 
1,3-propanediol, wifli neopentane diol being most preferred 

The at least one trifimctional carboxyhc acid (c) may be aromatic or ahphatic 

15 in nature, but aromatic containing structures are most preferred. Examples of suitable 
trifimctional carboxyhc acids are trimeUitic acid, 1,3,5-benzenetricarboxyhc acid, 
citric acid, and mixtures thereof Preferred trifimctional carboxyhc acids are 1,3,5- 
benzenetricarboxyhc acid and trimelhtic acid, with trimeUitic acid being most 
preferred. 

20 Phosphoric acid (c) is as described above with respect to (1(d)). 

Polymerization of the reactants (a), (b), and (c) may occur at typical 
esterification conditions, i.e., 200-230 °C reaction temperature while continuously 
removiug wat^ as a reaction by-product. Solvents that facihtate the removal of 
water from the reaction system (those that form an azeotrope) such as xylenes, may 
25 be used. The reaction can also be subsequentiy admixed with suitable solvents. 

Reactants (a), (b), and (c) will generally be used in a ratio of 6.3:3.0:0.05 to 
7.9:4.0: 0. 15, preferably from 6,7:3.2:0.07 to 7.6:3.8:0.12, and most preferably from 
6.9:3.3:0.09 to 7.3:3.5:0.11. 

A commerciaUy available and most preferred example of compound (II) is 
30 LUBRIZOL™ 2063, available from the Lubrizol Corp of Wickhfife, Ohio. 
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Compound (1) will typically comprise from 50 to 80% by weight of the 
mixture of compound (J) and compound (U), preferably from 60 to 75% by weight, 
and most preferably from 65 to 70% by weight, based on the total weight of the 
mixture of compound (T) and compound (IT). Compound (E) will comprise from 20 
5 to 50% by weight of the ndxture of compound (I) and compound (S), preferably 
from 25 to 40% by weight, and most preferably from 30 to 35% by weight, based on 
the total wei^t of the mixture of compound (I) and compound (II). 

The composition comprising the mixture of compound Q) and compoimd (n) 
will typically be present in a coating composition in an amount of from 0.10 to 1.00 
10 % by weight, preferably from 0.10 to 0.30%, and most preferably from 0.15 to 

0.25% by weight, based on the total nonvolatile weight of the coating composition. 

The mixture of compound (£) and compoimd QS) may incorporated into 
jSnished coating compositions by conventional mixing techniques using mixing 
equipment such as a mechanical mixer, a cowles blade, and flie like. Although the 
1 5 additives may be added during the manufacturing process or subsequently to a 
finished coating, those skilled in the art will appreciate that in a most preferred 
embodiment, the additives will be added post grind during the manufacturing 
process. Although the mixture of compound 0) and compoimd (JS) may be used in 
single or two component systems, use in two-component systems is preferred, 
20 particularly where the mixture of compounds (J) and (H) is placed in the resin 
component of a two component system. 

Finally, although a variety of packaging options are suitable for containing 
the coating compositions of the iavention, it is most preferred that coating 
compositions containing the mixture of compoxmds (J) and (S) be packaged in epoxy 
25 or phenolic lined cans. Packaging in such containers has been found to ensure the 
retention of optimum adhesion characteristics. 

The mixture of compoimd (T) and compound QI) when used in coating 
compositions provides improved adhesion of the coating composition to bare 
imtreated metal substrates, including aluminum and galvanized steel substrates. 

30 
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The coating compositions of the invention may be stored as such for 
prolonged periods at room temperature without gel formation or undesirable 
changes. They may be diluted as required to a suitable concentration and apphed by 
conventional methods, for example, spraying or spread coating, and cured by 
5 exposure to ambient temperatures of from 70 to 75 °F for a period of from 1 to 3 
hours, preferably from 1 .5 to 2 hours. However, sandable films of the coating 
compositions of the invention comprising mixtures of compounds (T) and (H) may 
also be obtained upon exposure of the appUed coating to temperatures in the range of 
from at least 120T, more preferably iq> to I40T, for periods of from 30 to 50 
1 0 minutes, preferably from 30 to 40 minutes. 



>_0205 1 949 A2_l_> 



17 



WO 02/051949 



PCTAJSOl/42942 



IN-8430 

CLAIMS 

What is claimed is: 

1 . A sandable and recoatable coating composition for preventing corrosion of a 
5 metallic substrate, the composition comprising 

a film-forming component comprising a fihn-fonning polymer and a 
crosslinking agent, wherein the fihn-forming polymer has functional groups selected 
from the group consisting of active hydrogen containing groups, epoxide groups, and 
mixtures thereof, and the crosslinking agent have functional groups selected from the 
10 group consisting of isocyanate groups and amine groups, and 

a corrosion protection component consisting essentially of aluminum 
selected from the group consisting of nonleafing aluminum pigments and which is 
present in an amount effective to prevent corrosion of the substrate, 

wherein a cured fihn of the coating appUed to a metallic substrate has a pass 
15 rating after 480 hours in salt spray per ASTMBl 17, and is both sandable and 

recoatable. 

2. The coating composition of claim 1 wherein the film-forming component 
comprises a fihn forming polymer comprising an active hydrogen group containing 

20 polymer and an isocyanate functional crosslinking agent 

3. The coating composition of claim 1 wherein tlie film-forming component 
comprises an epoxy functional fihn forming polymer and an amine functional 
crosslinking agent. 

25 

4. The coating composition of claim 1 which is a two component coating 
composition wherem the film-forming polymer is in a polymer component (S) and 
the crosslinking agent is in a hardener component (II). 
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5. The coating composition of claim 1 wherein the com)sion protection 
component is present in an amount of from 0.01 1 to 0.05 1 weight percent, based on 
the total nonvolatile film-forming component of tiie coating composition. 

5 6. The coating composition of claim 5 wherein the corrosion protection 

component is present in an amount of from 0.015 to 0.045 weight percent, based on 
the total nonvolatile fihn-fonning component of the coating composition. 

7. The coating composition of claim 6 wherein the corrosion protection 
10 component is present in an amount of from 0.020 to 0.040 weight percent, based on 
the total nonvolatile fihn-fonning component of the coating composition. 

8„ The coating composition of claim 5 wherein the corrosion protection 
component is a lamellar shaped aluminum pigment. 

15 

9. The coating composition of claim 1 . wherein the film-forming component 
fijrther comprises 

(1) a first compound having an acid number of from 70 to 120mg KOH/g, a 
hydroxyl number of from 200 to 400mg KOH/g, a number average molecular 
20 weight of from 1 50 to 3000, and which is the reaction product of (a) at least one 
difimctional carboxyhc acid, (b) at least one trifimctional polyol, (c) at least one 
chain stopper, and (d) phosphoric acid, and 

(D) a second compound comprising one or more carboxy phosphate esters 
having the formula: 
25 O 

II 

(R-OX-P(OM)3-x 

wherem M is hydrogen, metal, or ammonium, x is a number from 0 to 3, R is an C5- 
30 C40 ahphatic group having one or more -COOR^ groups, wherem R^ is H, metal, 
ammonium, C1-C6 alkyl, or Ce-Cio aryl. 
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10. The coating composition of claim 4 wherein polymer component (T) and 
hardener component (JJ) are separated up to at least 10 hours before a &st use of a 
mixture of said first and second components. 

5 11. The coating composition of claim 1 0 wherein the corrosion protection 
component is in the polymer component (I). 

12. A method of preventing corrosion of a metaUic substrate, comprising 
applying a coating to the metalUc substrate, the coating comprising 
10 a fihn-forming component comprising a fihn-forming 

polymer and a crosshnking agent, wherein the fihn-forming polymer 
has functional groups selected firom the group consisting of active 
hydrogen containing groups, epoxide groups, and mixtures therof, 
and the crosslinking agent have functional groups selected fipom the 
15 group consisting of isocyanate groups and amine groups, and 

a corrosion protection component consisting of aluminum 
selected firom the group consisting of nonleafing aluminums and 
present in the composition in an amount effective to prevent 
corrosion of the substrate, and 
20 curing the coating to provide a coated metaUic substrate 

wherein the coated metalUc substrate has a pass rating after 480 hours in salt spray 
perASTMBll?. 

13. A method of making a multilayer coating system, comprising 
25 applying a primer coating composition directly to a metal substrate, the 

primer coating composition comprising 

a fihn-forming component comprising a film-forming 
polymer and a crosslinking agent, wherein the film-forming polymer 
has fimctional groups selected firom the group consisting of active 
30 hydrogen containing groups, epoxide groups, and mixtures therof. 
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and the crosslinking agent have functional groups selected from the 
group consisting of isocyanate groups and amine groups, and 

a corrosion protection component consisting of al uminu m 
selected from the group consisting of nonleafing aluminums and 
present in the composition in an amoimt effective to prevent 
corrosion of the substrate, and 
curing the coating to provide a primed metaUic substrate, and 
applying to the primed metallic substrate one or more additional coating 
compositions, and 

curing the one or more additional coating compositions to provide a cured 
multilayer coating system. 
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DE 


68923691 


T2 


08-02-1996 












DK 


670789 


A 


30-06-1990 












EP 


0376591 


Al 


04-07-1990 












HK 


172395 


A 


17-11-1995 












JP 


2238069 


A 


20-09-1990 












JP 


3007105 


B2 


07-02-2000 












MX 


172630 


B 


04-01-1994 












NO 


895205 


A 


02-07-1990 












NZ 


231890 


A 


26-03-1992 












US 


5191029 


A 


02-03-1993 












ZA 


8909768 


A 


29-08-1990 


US 


5859154 


A 12- 


-01- 


-1999 


NONE 
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